Abstract-Memristor, memory resistor, is an emerging technology for computational memory. Number of different memristor models are available based on the physical experiments. To use memristor as a computational memory element, one should know how the internal state modulates in time when driven by current or voltage. In this paper, we examine three widely used models and make a comparison of how internal state in these models changes with respect to input current or voltage. In Strukov model, internal state changes linearly with the input current. However, the linearity of internal state modulation in Yang model can be controlled. On the other hand, Pickett model shows non linear variation in internal state with the input current.
I. INTRODUCTION
Memristor was first postulated by Leon Chua in 1971 as fundamental circuit element [1] . In a memristor, when current flows in one direction, its resistance decreases and vice versa. Hence, Memristor changes its state with the input current. Present state of a memristor is the cumulative effect of previous currents. The state is hold at a particular voltage or resistance level if the current flow is suddenly stopped. Therefore, looking at the present memristor state, past current through the device can be computed.
From a circuit perspective, memristor is often modeled as a two terminal device which has top and bottom electrodes and sandwiched conductive channel, which acts as a switching layer [4] - [5] . The definition of memristive stystems [8] is given in general by the equations
where u and y denote the input and output of the system, and x denotes the state of the system. From (1), in a memristive system, the state evolves with time t. This state modulation in a memristive system closely relates with strengthening or weakening of synapses over time in a neuromorphic system [7] . The equations can be modified by choosing appropriate variables to define memristor for electronic circuit as
where v M and i M denote the current and voltage of the memristor, and w denotes the internal state variable. M denotes the memconductance (memristance). As shown in (3), the voltage input directly affects the state variable w, which is typical in first order memristive system [2] . Different physical models are proposed for the memristive system [4] - [5] , [9] - [15] . In this paper, we first examine memristor models proposed by Strukov et al. [4] , Yang et al. [5] , and Pickett et al. [6] , and then do comparative analysis of how internal state varies with respect to time in these models.
II. MEMRISTOR MODELS
In this work, we take three memristor models derived from the result of physical experiment at the nanoscale level. All three models meet the definition of memristive system given in (1) and (2).
A. Linear Memristor Model Proposed by Sturkov et al.
This model shows how memristance arises naturally in nanoscale system due to coupling of electronic and ionic transport under an external bias. Equivalent circuit for this model is shown in Fig. 1 . The device dynamics and the I-V characteristics are described by the equations
where µ v is average ion mobility, R ON is the resistance of doped region, R OF F is the resistance of undoped region, and w ∈ (0, D). This model (a) considers ohmic electronic conduction and linear ionic drift (b) assumes modulation of w is due to drift Strukov et al. model neglects the important role of PtTiO 2 interface; however, this model considers change to the electronic barrier at the interface due to switching. Based on the physical experiments, Strukov et al. demonstrate that oxygen vacancy drift towards the interface to create conductive channels, and away from the interface to eliminate such channels. Equivalent circuit for this model is shown in Fig.  3 , which consists a rectifier in parallel with a memristor. The device dynamics [10] and the I-V characteristics [5] are described by the equations 
where α is a constant and m is an odd integer. If m = 1 in 
C. Non-Linear Memristor Model Proposed by Pickett et al.
Based on the physical experiments, this model assumes that electronic conduction in Pt-TiO 2 -Pt device is primarily due to modulation of effective tunneling barrier width under an applied voltage or current. By changing the tunneling gap, memristor can be switched between ON state, and OFF state; moreover, this dynamical behavior for off and on switching is highly nonlinear and asymmetric. Equivalent circuit for this model is shown in Fig. 6 . The device dynamics and I-V characteristics [16] , [13] are described by the equations For ON switching,
(11) where f of f , i of f , a of f , b, w c ,f on , i on , a on , are experimental fitting parameters, 
III. MEMRISTOR SWITCHING DYNAMICS
We perform simulation on the memristor models proposed by [4] , [5] , and [6] to see the variation of state with time. The input is a sinusoidal signal with peak to peak amplitude enough to drive the memristors into saturation region (fully ON and OFF). The device dimension is taken as 10 nm and resistance transfer ratio (ratio of R ON /R OF F ) is 160 in all three models. The results are displayed in Fig. 8 , and summarized in Fig. 9 .
IV. CONCLUSION AND RECOMMENDATIONS
Strukov model shows linear and symmetric switching dynamics and switching model respectively. Due to linear nature of this model, it could be useful in analog applications, which demand linear response. In Yang model, symmetric switching dynamics is seen, but non linearity in switching model can be controlled. Since the non-linearity of Yang model is controllable, it could be useful in mixed signal Table   type applications. However, Pickett model has non linear and asymmetric switching dynamics and switching model respectively. Due to non-linear nature of Pickett model, it is useful in logic circuit applications.
